MDA-MB-231 cells. Specifically, we plan to report on the diffusion coefficients of MSH2 as measured using Raster Image Correlation Spectroscopy, a single molecule technique that takes advantage of the natural scanning nature of confocal microscopes. Results will be reported on all four cell types, with separate measurements for both cytoplasmic and nuclear cell regions. Results from this study will allow a comparison of protein diffusion in cells that are at different stages of neoplastic transformation. This work is supported by a National Science Foundation Materials and Surface Engineering grant from the Division of Civil, Mechanical, and Manufacturing Innovation (CMMI-1152781) ; we also thank Glen Marrs, director of the WFU Microscopic Imaging Core Facility, for assistance in obtaining the confocal images of proteins.
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Chromatin Mechanically Buffers Cytoskeletal Forces at the Nuclear Envelope Megan C. King. Cell Biology, Yale University, New Haven, CT, USA. Building tissues from individual cells requires mechanisms to communicate mechanical properties between cells and organelles, as well as the ability to alter the physical properties of cellular materials. The LINC (Linker of Nucleoskeleton and Cytoskeleton) complex, which bridges both membranes of the nuclear envelope, may provide one such mechanism. Cytoskeletal forces are delivered onto the nucleus via LINC complexes, which physically couple the cytoplasmic cytoskeleton to the nuclear interior and its associated chromatin. These complexes can mechanically transmit cytoskeletal forces to chromatin, suggesting the possibility that they may participate in mechanotransduction. While our previous work suggests an additional role for chromatin and its connections to the LINC complex and the nuclear envelope in maintaining nuclear integrity and buffering cytoskeletal forces, a quantitative analysis of these properties has been lacking. We explicitly address the individual contributions of chromatin and chromatin-binding membrane proteins to nuclear integrity in the genetic organism, fission yeast (Schizosaccharomyces pombe). We have developed a combined optical tweezers/epifluorescence assay that allows us to manipulate, exert forces on and image isolated nuclei. Deriving nuclei from the genetically facile fission yeast model, we have interrogated how the presence of individual nuclear components and their crosslinking contributes to the ensemble physical behavior of the nucleus. Using genetic perturbations, we implicate integral inner nuclear membrane proteins that couple chromatin to the nuclear envelope in defining nuclear stiffness and supporting nuclear elasticity. The relevance of these findings to in vivo nuclear mechanics has been established by measuring nuclear envelope fluctuations in living S. pombe cells. These results provide new insights into how the mechanical properties of nuclei can be modulated. In addition, our work suggests that cytoskeletal forces coupled to the nuclear interior by the LINC complex contribute to overall chromatin mobility. Many cell types can bias their direction of locomotion by coupling to external cues. Characteristics such as how fast a cell migrates and the convolution of its migration path can be quantified to provide metrics that determine which biochemical and biomechanical factors affect directional cell migration, and by how much. To be useful, these metrics should be reproducible from one experimental setting to another, and the resulting quantitative analysis should describe the underlying processes that occur in the system. In this work, several metrics used to characterize cell migration, such as turning angle distribution and straightness index, are evaluated in the context of reproducibility and quantitative interpretability. We discuss how these existing metrics can be modified to be more reproducible, and introduce a new metric called directionality time that can be used to characterize convolution of the migration path. Directionality time is measured based on fitting the slope of the mean squared displacement in log-log coordinates. We apply three selected random walk models to demonstrate that the functional form of the fit equation is approximately model invariant. Directionality time is reproducible because the numeric result takes into account tracking noise and is independent of the time interval of path measurement, the two variables that tend to change from one experiment to another.
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The robustness of this metric is tested via computer simulation and against experiment data of neutrophils directionally migrating towards a chemoattractant.
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Impact of Cell Shape on Cell Migration Behavior on Elastic Substrate Baohua Ji. Beijing Institute of Technology, Beijing, China. Cell shape is known to have profound effects on a number of cell behaviors. In this paper we have studied the role of cell shape in cell migration through modeling its effect on cell traction force distribution, traction force dependent stability of cell adhesion and matrix rigidity dependent traction force formation. To quantify the driving force of cell migration, a new parameter called the motility factor, that takes account of the effect of cell shape, matrix rigidity and dynamic stability of cell adhesion, is proposed. We found that the motility factor depends on the matrix rigidity in a biphasic manner, in consistence with the experimental observations of the biphasic dependence of cell migration speed on the matrix rigidity. We showed that the cell shape plays a pivotal role in the cell migration behavior by regulating the traction force at the cell front and rear. The larger the cell polarity, the larger the motility factor is. The keratocyte-like shape has a larger motility factor than the fibroblast-like shape, which explains why keratocyte has a much higher migration speed. The motility factor might be an appropriate parameter for a quantitative description of the driving force of cell migration. Division of Applied Mathematics, Brown University, Providence, RI, USA. By modeling the lipid bilayer and the cytoskeleton separately, we applied a two-component Dissipative Particle Dynamics (DPD) red blood cell (RBC) model to simulate several in vitro and ex-vivo experiments. First, we validated our model by comparing simulation results with the experimental measurements in micropipette aspiration, membrane fluctuations, tank treading motions and bilayer tethering in a channel flow. We explored the effects of bilayercytoskeletal interaction properties such as elastic stiffness, viscous frictions and strength on these experiments and resolved several controversies on RBC mechanics in the literature. In addition, we simulated the ex-vivo perfusion of healthy and malaria-infected RBCs in human spleen by modeling the RBCs passing the inter-endothelial slits, and the predicted retention rates match the experimental measurement well. We also carried out systematic parametric studies on the critical conditions for RBCs to pass through the splenic slit. Our simulation results provide a comprehensive computational framework for understanding the roles of human spleen related to RBC-borne diseases such as malaria and hereditary spherocytosis. Blebbing occurs when the cytoskeleton detaches from the cell membrane, resulting in the pressure-driven flow of cytosol towards the area of detachment and local expansion of the cell membrane. Recent experiments involving blebbing cells have led to conflicting hypotheses regarding the timescale of intracellular pressure propagation. The interpretation of one set of experiments supports a poroelastic cytoplasmic model which leads to slow pressure equilibration when compared to the timescale of bleb expansion. A different study concludes that pressure equilibrates faster than the timescale of bleb expansion. To address this, a dynamic computational model of the cell was developed that includes mechanics of and the interactions between the intracellular fluid, the actin cortex, the cell membrane, and the cytoskeleton. The model results quantify the relative importance of cytoskeletal elasticity and drag in bleb expansion dynamics. This study also shows that recent multibleb experimental results can be explained by the combination of cytoskeletal poroelasticity with either dynamic membrane-cortex adhesion or cortical reformation. Tuesday, February 18, 2014 573a 
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